• Context: The uptake of baits is a key variable in management actions aimed at the 26 vaccination, training, or control of many vertebrate species. Increasingly, however, it is 27 appreciated that individuals of the target species vary in their likelihood of taking baits. To 28 optimise a baiting program, then, we require knowledge, not only on the rate of bait uptake, 29 and how this changes with bait availability, but also knowledge on the proportion of the 30 target population that will take a bait.
Introduction
Figure 1: Location of the eleven sites and broader study area within Australian Wildlife Conservancy's available at the bait station for three nights. 141 Cameras were secured to trees or rocky ledges approximately 1 m from the ground and 142 aligned to face directly downwards (Hohnen et al. 2013; Diete et al. 2016) . Cameras were set to 143 take five consecutive photographs for each trigger with no delay between triggers. Each bait was 144 placed inside a ring of powdered insecticide (Coopex) to protect from ant spoilage. A total of 132 145 individual cane toad sausages were deployed across the 11 sites over the period of study.
146
Camera trap data collation 147 Images from bait stations were collated and tagged by pass, site, species, and activity. A 'pass' was 148 recorded when a new species entered the frame or when the same species entered the frame 149 following no activity for at least 5 minutes. "Activity" was hierarchical, with the highest activity 150 being 'Bait taken'; this was defined as either photographic evidence of animal eating bait or bait 151 being taken from the bait station. 'Bait investigated' was defined as when bait was sniffed but not 152 consumed or taken. 'Bait area investigated with no bait available' was scored when no bait was 153 available at a bait station, but the animal was still visiting or investigating the bait station. 154 We analysed data using two levels of observation to determine 1) which individuals (and 155 species) were attracted to bait, and 2) which individuals (and species) took bait. We identified 156 individual D. hallucatus that visited bait stations by their unique spot patterns (Hohnen et al. 2013) 157 to determine visitation rate and bait uptake of individuals. To do this we employed Wild ID 158 (Version 1.0, January 2011) (Bolger et al. 2011) . We also conducted manual checks with all 159 photographs and compared them to those already identified to determine whether a new individual 160 had been recorded. Quolls were identified to individual within each site, and we treat each site 161 (separated by a minimum of 5km) as independent with regard to quoll ID and behaviour.
162
Statistical analysis 163 The model opportunity, and those that will not. We denote the number of individuals at site s, Ns. We are 166 interested in estimating the proportion of Ns that are bait-susceptible, z, and the proportion of these 167 baitable individuals, bs, that are baited under our baiting regime at each site. Our observations 168 consist of a sighting history for each observed individual over seven nights of camera-trapping at 169 the site, and the number of individuals at a site observed to take a bait.
170
To estimate Ns we used a closed population mark-recapture analysis in which each individual 171 (denoted i) was either observed, or not, according to a draw from a Bernoulli distribution: Our second observation type was the number of individual quolls in the population observed to take 194 bait on one occasion or more, Ts. We assumed this variable: Table 1 ) except for z. For this parameter we had prior information on the 203 proportion of quolls likely to take a bait from Indigo et al. (2018) . Parameter estimates were based 204 on 100,000 iterations with a thinning interval of 5 following a 10,000 sample burn-in. Three Individual quolls that visited bait stations and bait uptake 210 Cameras at bait stations detected a total of 86 individual quolls across our 11 sites. During BE2 (in 211 which sausages were deployed), bait stations were visited by 45 individual quolls. Of these 45 individuals, 21 encountered a cane toad sausage with the remaining 24 animals arriving at the bait Baiting at one bait per 100m 2 resulted in bait uptake by around 18% of quolls at a site. The Here we have used standardised camera trap arrays across 11 sites to generate data on bait uptake, 258 and how this varies with bait availability. We used these data (with some prior information) to 259 estimate key parameters of interest: the proportion of a population that is baitable, and how the 260 uptake probability increases with bait availability. These parameter estimates provide valuable 261 information for managers considering a baiting program, allowing them to assess the likely outcome 262 of a baiting program, optimise the baiting rate, and estimate costs. In our case, the baiting program is to train wild quolls to avoid cane toads immediately prior to the arrival of cane toads in the 264 landscape. 265 We estimate that the best outcome achievable in our system is for us to deliver baits to 62% 266 of the population. The other 38% of the population appear to not be baitable. Most of our 267 information on this parameter comes from our prior expectation of uptake rate, derived from a 268 combination of field and captive trials by Indigo et al. (2018) . We updated our prior value for z -269 the variable representing the probability of being baitable; with these data, to obtain the posterior 270 value of 62%. We observed only a small shift (Fig. 3) ; thus our new observations simply provide 271 greater certainty on this parameter, indicating that the value of 62% baitable animals is robust 272 across two field sites, and animals from two different origins (WA and NT). Such variation in 273 baitability may be consistent with general observations of variation in food preference within we can reasonably expect that some fraction of these non-baitable animals may also avoid toads.
283
Certainly there is evidence in other taxa that some level of innate avoidance of toads is present in baitable fraction of the population are important, but the fraction of these non-baitable animals that 297 will in fact avoid toads is unknown and remains an important avenue for future work.
298
Our analysis also gives us insight into an optimal baiting rate. We found that bait uptake 299 increases with increasing bait availability. This is to be expected, and has also been demonstrated 300 in lethal baiting programs (Christensen, Ward & Sims 2013) . Interestingly, some studies suggest 301 that low bait availability can reveal further population heterogeneity; in foxes (Vulpes vulpes), it is 302 the dominant individuals that access baits first, consequently reducing access to baits for other 303 individuals within the population (Marks & Bloomfield 1999; Gentle, Massei & Saunders 2004) . 304 Our findings suggest that sub-optimal baiting rates can be avoided in our case by increasing baiting 305 density to 3 baits per individual; resulting in a very high probability of bait take by the baitable 306 fraction of northern quolls.
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